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Much of the South African
Highveld is being or has been cultivated, and suitable grasses are needed for rotations and to regrass abandoned fallows. On the sandy soils these fallows revert in two or three years to a seral grassland in which Eragrostis curvula (lovegrass) and Cynodon. dactylon.
(Bermuda grass) are dominant (Davidson, 1962) , but the woody subshrub Stoebe vulgaris (bankrupt bush) is frequently abundant (Hattingh, 1953) ) and coarse grasses such as Eragrostis plana, E. gummiflua and Sporobolus pyramidalis may be locally abundant. Eventually Hyparrhenia hirta becomes dominant as succession advances, and together with bankrupt bush it forms wastelands.
The experimental site was one on which these species, including bankrupt bush, were abundant; the fertilized and unfertilized controls were composed of such range land. The reclamation of this land is an urgent necessity in South Africa.
Some twenty years ago L.C.C. Liebenberg suggested that lovegrass be sown to provide a ley in crop rotations.
The Ermelo strain which he selected is now widely used for hay production and to a lesser extent for grazing. Selection of strains of Eragrostis curvula has been in progress at Frankenwald since 1950, based on small-plot trials with row-planting of about 100 strains by Poultney (1952) ) and smallplot trials with broadcast planting of twenty strains by Leigh (1960) .
On taxonomic grounds all these strains are included in the species E. curvula (Schrad.) Nees (De Winter, 1955) ) but it is suggested that for agricultural purposes five types be recognized, viz. curvula, chloromelas, robusta blue, robusta intermediate, and robusta green. The anatomy, morphology, chemical composition and herbage yield of these types are described by Leigh (1960) . In a small scale palatability trial the curvula type was found to be less palatable than the others, and all the lovegrasses were markedly less palatable than Digitaria smutsii and Chloris gayana (Leigh 1961b).
Experimental Layout
Between 1952 and 1954 a series of units forming Block G was set out near Johannesburg on sandy soil derived from pre-witwatersrand old granite, situated on a westerly slope of 8% with seasonally impeded drainage in patches. The area had been cultivated in the past, and was last ploughed about 20 years previously.
The natural seral grassland was retained in G 5, 6 and 7, but the sown units G 1, 2, 3 and 8 were ploughed, planted to teff, reploughed and seeded to selected strains of lovegrass. The mean annual rainfall is 30 inches, falling mainly in summer, and the altitude is 4950 feet.
For convenience all areas are given in acres, although measured in morgen
(1 morgen = 2.116 acres). Each unit (except the Con-214 trol G 5) consisted of four acres, of which two acres were grazed in summer by four Hereford grade cows and the calves born during the season. In all the units except G 5 the two-acre grazing paddock was grazed continuously without rotation for seven summers from 1955/56 onwards. In only two years was it necessary to mow some of the grazing camps to remove uneaten herbage.
In G 5 the same number of animals was carried on six acres of unfertilized seral grassland divided into two paddocks and a rotation of about one month in each was employed.
The layout, but these species were discarded because of their inability to persist in the face of weed enroachment.
All units except G 5 received annually 40 lb. PzOz/acre, reduced to 20 lb. from 1960. Nitrogenous fertilizer was applied in the form of ammonium nitrate, two-thirds in spring and the remainder in summer. The grazing paddocks of G 1 to 3 and G 6 received 60 lb. N/acre, reduced to 30 lb. N from 1960 onwards in G 1 to 3 to study the residual response to fertilizer and excretal N. The grazed paddock of G 7 received 120 lb. N/acre in 1955/56, then for two seasons 20 lb. N, increased in all subsequent seasons to 30 lb. N/acre. The hypothesis here is that once a high level of circulating N has been achieved, it should be possible to maintain circulation near the level giving maximum recovery of N with small annual additions of fertilizer N (Davidson, 1964) .
The hay paddocks of units G 1 to 3, 6 and 8 received annually 40 lb. P20~ and 60 lb. N/acre, increased from 1958 onwards to 100 lb. N/acre. In G 7 the initial application of 120 N in 1955/56 was followed by 30 lb. N for two years, increased in 1958 to 50 lb. N/acre. Unlike the other units, hay was fed back on the hay paddock in G 7, using a movable hay rack, to obtain the benefit of excreta during the winter feeding period.
Liveweight gains were recorded from triplicate weighings at the beginning and end of each season, and duplicate weighings at monthly intervals throughout the season. Bonemeal and salt were provided as a lick, and the animals were watered outside the paddocks for the first few years and later they were given free access to water in the grazing paddocks. During dry weather in summer it was occasionally necessary to remove animals for a few days in some seasons; on these occasions all animals were removed simultaneously to the respective hay camps. All animals were dosed for internal parasites in spring and autumn, and sprayed for ticks when necessary.
LOVEGRASS MANAGEMENT 215

Results of Grazing Trials
Grazing began as early as possible in spring, varying between the last week of September and the first week in November, except in the drought year 1961/62, when grazing began in December.
The animals usually continued to gain weight until the end of March, but in two seasons grazing continued until May when some of the groups were still gaining weight. The seasonal liveweight gains in each group are given in Table 1. number, In the grazed units Hyparrhenia did not encroach at all, although it was abundant outside along the fences.
The liveweight gains on the curvula, chloromelas and robusta pastures were almost identical. All three types were evenly grazed, and these pastures had a short, dense sward in contrast to the tussocky appearance of ungrazed lovegrass pasture. During spells of dry weather there was a marked tendency for the curvula type to be pulled out by the roots (Figure 1 ). This never occurred in the chloromelas or robusta types. The percentage basal cover in all units in 1964 is shown in Figure 2 . There was a general invasion of Bermuda grass into all the sown units. Bankrupt bush did not appear in any of the sown units, although it soon became abundant in the discarded units planted to species other than lovegrass.
The small perennial Wnlafrida densiflora invaded G 2 and in 1960 it was fairly common, but a year later the plants had decreased in size and
The natural seral grassland in G 5 provided a measure of the productivity of these areas without reseeding or fertilizing.
With one-third the stocking rate employed in the fertilized units, this control group gave a mean seasonal liveweight gain slightly more than one-third the gain in the fertilized units. From the lowest gain per head in the first two seasons, G 5 yielded the highest gain in four of the last five seasons. The response of the sward to dung and urine was noticeable over the years, and it is probable that the stocking rate could be increased. The botanical composition has not swung as markedly towards lovegrass and Bermuda grass as in the fertilized units ( Figure  2 ), and bankrupt bush is still present.
The rapid improvement of seral grassland when fertilized at the same rate as the sown pasture is demonstrated in G 6. Without reseeding this grassland provided liveweight gains equal to the sown pastures at the same stocking rate. Originally the pasture was infested with bankrupt bush which decreased until it was virtually absent, confirming earlier conclusions about the weed (Krupko and Davidson, 1961 ). Clearly such grassland can be converted to useful pasture simply by an improvement in soil fertility. The botanical composition is similar in the sown pastures and the fertilized seral grassland.
In the G 7 unit 120 lb. N/acre was applied in the first season, followed by annual dressings of 20 or 30 lb. N/acre. The sward was evenly grazed at all times, and there were no weeds in the pasture. Eragroslis plana (a tough tussock species) was pulled out by the roots by the grazing animals, and the percentage basal cover of this species decreased from 12% in 1956 to 7% in 1961 to 1.5% in 1964. Other coarse species such as Sporobolus, Heteropogon and Hyparrheniu also decreased. The mean liveweight gain, with the same stocking rate as the other fertilized units, but only two-thirds the nitrogenous fertilizer over the seven years, was equal to the gains on the heavily fertilized units. Economically G 7 provided a better return on fertilizer investment than the other fertilized units. The marked residual effect of fertilizer was also evident in the units G 1 to 3 in the 1960/61 season? when only 30 lb. N/acre were applied and the gains were about the same as the mean gain in previous seasons.
Over the seven years the application of adequate fertilizer to seral grassland gave a 167% increase in productivity.
Reseeding plus the same fertilizer gave only an additional 3% increase. The similarity of the gains per animal suggests that stocking rates have not differentially influenced the liveweight gains per acre, except possibly in the control G 5, in which gains per head were higher in the later years, suggesting that it might be understocked.
Winter Feeding Trials
For the feeding trials hay was mown twice each season, and the animals used were Hereford cows and calves of medium grade. Other experiments at Frankenwald (Davidson and Purchase, 1961) have indicated that lovegrass hay supplemented with silage is sufficient to maintain the weight of beef steers and dry cows, but not cows which are suckling calves. The addition of urea and molasses provides a ration which gives gains of up to half a pound per day in steers and dry stock. In the trials under discussion urea and molasses (at the rate of approximately 3 ounces of urea and 1 pint molasses per animal per day) were sprayed on the hay daily.
During the winter of 1955 the hay from G 1 to 3 was used for a feeding trial lasting 63 days to compare the gains of two groups of Hereford heifers, one of which received a Vitamin A-D preparation. No silage was fed, but the hay was sprayed with urea and molasses. There was no significant difference between the groups, the control animals having gained 0.72 lb. per day and the others 0.76 lb.
The hay used in the feeding trials in the winter of 1956 was of poor quality, having been mown after seed was harvested in January, with a second cut a month later. No silage was fed, but urea and molasses were sprayed on the hay. The liveweight gains are given in Table  2 . Half the cows were suckling calves, and in most cases these cows lost weight, while the dry cows gained slightly. In spite of the poor quality of the lovegrass hay from mixed stands used for seed production, the hay which was fortified only with urea and molasses provided a maintenance ratim.
The hay camps G 2 and 3 were reseeded in March 1956 to chloromelas No. 7 and robusta No. 4 respectively.
A more comprehensive trial was conducted in the winter of 1959, using hay from two seasons in G 1 to 3, and hay from four acres of newly established chloromelas (a fine strain which is abundant at Frankenwald) in G 8. Only one season's hay was available in G 6 and 7. During this winter, when a little silage was fed in addition to spraying the hay with urea and molasses, the cows suckling calves maintained their weight while dry cows gained. The mean gains per day over comparable periods indicated that on the whole, lovegrass hay was as good as teff hay which was also fertilized with N and P, only the robusta type being significantly better. The fine strain of chloromelas which is dominant in the seral grassland in G 6 and 7, and which was planted in G 8, gave good liveweight gains over a shorter period. It is known to be a lower-yielding strain, but it is of importance because of its abundance on fallows in South Africa.
Summary and Conclusions
There appears to be no justification for the view held by some farmers that lovegrass is so unpalatable that it is unsatisfactory as a hay and pasture grass. While it is no doubt less palatable than most exotic species, the latter deteriorate rapidly in this region. (Davidson, 1964; Gillard, 1963) . According to this interpretation the encroachment of Bermuda grass is inevitable. Its value as a pasture and in the control of erosion makes it a desirable constituent of permanent pastures on soils not suitable for cultivation.
In this region, home of so many strains in the apomictic species E. curvula, reseeding is less important than fertilization and heavy grazing, and fertilization is more important in 'the early years than later.
At the heavy stocking rates advocated for easy management of lovegrass pastures, the curvula type appears to be less stable than the chloromelas and robusta types. For reclamation of rangeland, the chloromelas type appears to be more aggressive than the others, and its finer habit makes it more easily managed than the coarser curvula and robusta types, especially on soils of low fertility.
For intensive grazing robusta appears to 217 be the most promising type, being more palatable and more persistent than the others.
The feeding value of lovegrass hay equals or exceeds teff hay. It has the advantage of being a vigorous perennial, which is easily ploughed out, and it is suitable as a grass ley. The nitrogen and phosphorus requirements, however, are high in grassland used exclusively for hay production.
Further work on the response of these distinctive types to differential grazing intensity and fertilization is necessary for a final assessment of the value of lovegrass in extensive range reclamation and intensive agriculture. Without this it is likely to be condemned as a pasture for want of appropriate management, taking into account its ability to withstand heavy grazing continuously throughout the growing season, and the rapid decline in palatability as it matures. The performance of lovegrass in the absence of Bermuda grass has not been assessed.
